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Fatalities
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26 Dec 2004 Sumatra Mega-disaster (Titov MOST Model)
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Banda Aceh, Sumatra



Worst tsunami
destruction
was not
videotaped.

Digital Globe
Quickbird
Satellite Photos




Tsunami Effects
in Banda Aceh
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26 Dec 04 Tsunami Simulation (V. Titov, D. Arcas)




Max Tsunami Height




TSUNAMIS ... Inevitable, and “Born of Fire”
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Definition

A tsunami Is a series of long water waves
generated when water is displaced
by an impulsive geophysical event.

Sources: Earthguakes, Landslides,
Volcanoes, Meteors, ...



Subduction Zone Earthquake Cycle

1. Interseismic Period:

10's - 100's of years
between earthquakes

2. Coseismic Period:

A few minutes of
Earthquake Rupture

(Courtesy, Geological Survey of Canada) Frank Gonzélez - NOAA/PMEL, Seattle, WA



Ten Destructive Tsunamis Since 1990
Killed More than 4,000

Februrary 17, 1996 Cctober &, 1995

Irian Jaya Jalisco, Mexico

Maximum Wave: 7,70 Maximum Wave: 1 1M

Fatalities: 161 Fatalities: 1
Movamber 15, 1904

Philippenas Okushirl, Japan September 2, 1992
Maximum Wave: TM Maximum Wave: 31M Nicaragua
Fatalilies: 49 Fatalities: 230 Manimiem Wansa: 100

January 1, 1996 Fatalibas: 170
December 12, 1902 Sulawesi Island

Flares |sland M aximum Wave: 3.4M
Manimum Wave 26 Fatalifies: 9
Fatalities: 1,000 February 21, 1996
July 17, 1998 Merth Coast of Peru
Papua Mew Guinea Maximum Wane: S
Juna 2, 1894 Masdiemidm Wasia-15M Fataliias- 12

East Java Fatadities 2 200
B adrmium YWana: 14M
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Pacific Seismic Zones




Northwest Tsunami Hazards

““ |_ocal’” Sources (Warning ~ 5-30 minutes)

eM~9
e Centuries recurrence times

2. Puget Sound Faults
eM~7.6
e Millenia recurrence times ?

““Distant’” Sources (Warning ~ 1-4 hours)

3. Alaska-Aleutian Subduction Zone

eM~8+
e Decades recurrence times




Cascadia Subduction Zone
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Tsunami Statistics by Ocean

e 1900 - Present

o Significant tsunamis defined as
- High Validity Index
- > 1 m height

Significant All
Tsunamis | Tsunamis
Pacific | 210 (88%o) | 604 (88%0)
Indian 8 (3%) 32 (5%0)

Atlantic | 21 (9%) 51 (7%0)

Total |239 (100%)|687 (100%0)

Ocean

Analysis by Paul Whitmore, West Coast and Alaska Tsunami Warning Center
Data from NOAA/National Geophysical Data Center Historical Tsunami Database
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Port Royal,
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28 I\/Iarch 2005 Sumatra 8.7
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McCloskey,
et al.,
NATURE,
17 March

2005

Earthquake risk from co-seismic stress
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28 March 2005
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At least 1000 people killed, 300 injured and 300 buildings
destroyed on Nias; 100 people killed, many injured and
several buildings damaged on Simeulue; 200 pecople Killed
in Kepulauan Banyak; 3 people killed, 40 injured and some
damage in the Meulaboh area, Sumatra. A 3-meter
tsunami damaged the port and airport on Simeulue.
Tsunami runup heights as high as 2 meters were
observed on the west coast of Nias and 1 meter at Singkil
and Meulaboh, Sumatra. Felt (V1) at Banda Aceh and (V)
at Medan. At least 10 people were killed during evacuation
of the coast of Sri Lanka. Felt (IV) along the west coast of
Malaysia; (IV) at Bangkok and (lll) at Phuket, Thailand.;
(lIl} at Singapore; (lll) at Male, Maldives. The quake was
also felt in the Andaman and Nicobar Islands, India and in
Sri Lanka. Tsunami wave heights (peak to trough)
recorded from selected tide stations: about 40 cm on
Panjang, Indonesia; about 25 cm at Colombo, Sri Lanka;
40 cm on Hanimadu, 18 cm at Male and 10 cm at Gan,
Maldives. Initial cbservations indicate about 1 meter of
subsidence on the coast of Kepulauan Banyak as well as
1 meter of uplift on the coast of Simeulue. Seiches were
observed on ponds in West Bengal, India.




20050323

3 tsunami waves reported at

Sumatra Gusong Bay, Simeulue
Island
Summary
I\/IapS 12 foot tsunami

.. wave reported at
=8 Gusong Bay,
e Simeulue Island
by Brian Willy
(resident)

------

Simeulue & Nias Islands
« GITY Tele e}

West Sumatra International
Tsunami Survey Team will arrive
at Nias at approximately 2300 31

March UTC

Siberut Island & Padang
) b e



Gusong Bay, Simeule - Uplift. New Beach




Subsidence of
Sarangbaung,
Indonesia

Sarangbaung subsided 1.65 meters during the 28 March 2005
earthquake. Etienne Kingsley (USGS contractor) and Gegar Prasetya
(Tsunami Research Center/Coastal Dynamic Research Center - BPPT)
are standing at the high tide line prior to the 28 March earthauake.
Subsidence is fairly consistent around the island. The 28 March
earthquake produced a 1 meter tsunami that inundated ~200 m inland.
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Displacemen
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U.S. National Tsunami Hazard Mitigation Program

Reduce the Impact of Tsunamis on U.S. Coastal Communities

State Agencies

Alaska California Hawaii
Oregon Washington

Federal Agencies

 National Oceanic and
Atmospheric Admin.

 U.S. Geological Survey

 Federal Emergency
Management Agency

Hazard Assessment

Frank Gonzalez, NOAA TIME Center, PMEL, Seattle, WA



Goal
Reduce Fatalities through:

e Hazard Assessment

- Historical and pre-historic studies
- “What If’” modeling studies

e Education, Training, Mitigation

- Brochures, signs, etc.
- Community workshops, meetings

e Tsunami Warning System
- Tsunami Forecasting System

Real-time Measurements
Forecast Modeling



e Hazard Assessment
Seattle Fault Tsunami, ~ 900

A.D.

)

Tacoma




e Education, Training, Mitigation

Entering A

TsunamiReady
Community

TSUNAMI HAZARD ZONE

IN CASE OF EARTHQUAKE, GO TO |,
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LEGEND
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* _Tsunami Warnm System

e % mf"ﬁ TWS = Seismic + Tide Gage Nets
‘ “%@ Problems:
&%?A;?:Z"; S / 8l - Seismometers do not measure
tsunamis
e Tide Gages IN community,

PACIFIC BASIN:

g .‘Regff;gﬂgg Distant '_ NOT BETWEEN source and
community

@ rTwe
@ Nos
@ UHSLC
© sHoA
@ JmA
@ RHM
Q NTF ; Sea Level Gauges

g Used by PTWC for
the Tsunami Warning
System in the Pacific




hort-term 'nundation ~orecasting for | sunamis
By Combining

Real-time Tsunami & Seismic Data + Model Simulations Database

" { Alaska -
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@ Earthquake Zones
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Coastal Communities

L]
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Seismic Stations
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X4 DART Concept

BPR measures small changes in
pressure at the seafloor. Data
sent acoustically to surface
buoy, then via satellite to the
Warning Centers.

Normal transmissions: Hourly
reporting of 15 minute data to
confirm system readiness.

Two Event Modes:

- Automatic: Triggered by
seismic or tsunami wave

- Request: Warning Center
triggers data stream

Optional Sensors
- Wind
- Barometric Pressure
- Seasurface Temp &
Conductivity
« Air Temperature/
Relative Humidity

Transducers

(2 each)

Acoustic | '
Telemedry .

L 7§~ Glass Ball
Flotation

FSignal flag

1/2" Polyester
- 2 |;
w 7Em Y /

GOES Antenna
A (2 each)

GPS Antenna
~ (2 each}

& RF Antenna

—RF Modem

_~ Master Control Unit

.. 2.5 m Disk Buoy
iy 4.2 ton displacement

1" Chain (3.5 m)
Swivel
1" Nylon

7/8" Nylon

;"Eh’d" MNylen
/

Tranasducer ;
% & . Acoustic Release A

.- o
1 CPU % 1/2" Chain (5 m)

: |+, - Bottom Pressure Recorder
% Sensor ‘
Anchor 720 fbs, -

&89 Anchor 6850 Ibs.




Deep Ocean
Assessment and
Reporting of
Tsunamis

Tsunami Warning Centers
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“ Warning Center




JASON-1 Altimeter
Comparison with
Tsunami Model

NOAA

Laboratory for
Satellite Altimetry:

Remko Scharroo
Walter H. F. Smith

Pac. Mar. Env. Lab.
Vasily Titov
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SUEE S

Tsunami Forecasting
Measurement Requirements

Measurement type - tsunami amplitude over
time for input into forecast models

Measurement accuracy - 0.5cm
Measurement sample rate — 1 min or less
Measurement processing — within 2 min

Measurement availability — within 5 minutes
to assimilate into forecast models
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How many
tsunameters are
needed ?

FEREEEERRURTEEELEE

e At least 3 measurements on
main beam

e 9000 km ~ length of Pacific
tsunamigenic zones

— M nzinate Travel Time
tod5. 76N

 Number of tsunameters
~ 15 for 45-min TT
~25for 30-min TT
~50 for 15-min TT

— d5.nminmte Travel Time
o 4363 N
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Legend

@  Proposed Tsunameter Network

Community Model Centers (102 Nodes)
® TIME center

E  Established Node

B  Proposed Node




DART Deployments in AASZ - October 1999




Operational Tsunami Forecasting

» Essential to Improve Warning Speed and Reliability
 VVast Ocean Areas with No Tsunami Measurements
* Must Integrate Real-time Measurement and Modeling

- Measurement. NOAA DART Network
- Modeling: NOAA Tsunami Forecast Model



Operational Tsunami Forecasting

e Must Integrate Real-time Measurement and Modeling
- Measurement:  NOAA DART Network

- Modeling: NOAA Tsunami Forecast Model

* Real-time Methodologies
- Inversion: Force Model to Match Real-time Data
- Interpolation: Model Values for Areas with No Data
- Forecast: Real-time Inundation Simulations

 International Modeling Network
Transfer, Maintain, and Improve Tsunami Forecast Models



International Modeling Network

Transfer, Maintain, and Improve Tsunami Forecast Models

Network Nodes Share: Models, R&D Tools, Databases, ...

]
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Example of Tsunami Forecast: 17 Nov 2003

(1 How woeuld you
Interpretithese data?
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Example of Tsunami Forecast: 17 Nov 2003

(% How would you
interpretithese data ?

AL Qperational F-orecast By o
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1. Pre-computed Nested Grid Database
of Offshore Values

® Hilo Tide Gage

—

2. Provides Initial
Conditions for Real-time
Inundation Simulation
(=10 Minutes)




Result: “Blind” Tsunami Forecast at Hilo
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Summary

e Sumatra mega-disaster a global wake-up call
e Tsunamis are inevitable

e U.S. accelerating Tsunami Preparedness efforts
- Assessment
- Education, Outreach
- Tsunami Forecasting and Warning System



Thanks ...
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